This paper compares the structural characteristics of aquatic humic substances (AHS) with humic substances from peat (HSP) through different analytical techniques, including elemental analysis, solid state 13 C cross polarization/magic-angle-spinning nuclear magnetic resonance spectroscopy ( 13 C CP-MAS NMR), ultraviolet/visible (UV/Vis) spectroscopy and Fourier transform infrared (FTIR) spectroscopy and total organic carbon (TOC). The AHS were extracted from water collected in a tributary of the Itapanhaú River (Bertioga/SP) using XAD 8 resin, and the HSP were extracted from peat collected in the Mogi Guaçu River bank (Luis Antonio/SP) with a KOH solution. After dialysis, both AHS and HSP extracts were filtered in membrane of 0.45 µm pore size (Fraction F1: < 0.45 µm) and fractioned by ultrafiltration in different apparent molecular sizes (AMS) (F2: 100 kDa-0.45 μm; F3: 30 kDa-100 kDa and F4: < 30 kDa). The extracts with the lowest AMS (F3 and F4) showed a higher number of aliphatic carbons than aromatic carbons, a higher concentration of groups containing oxygen and a higher percentage of fulvic acids (FA) than humic acids (HA) for both AHS and HSP. However, the AHS presented higher FA than HA content in relation to the HSP and distinct structural properties.
INTRODUCTION
Humic substances (HS) found in soils, peats, sediments and natural waters come from the chemical and biological degradation of plants and animals residues in the environment and the synthesis activity of microorganisms (McDonald et al., 2004) . The properties and structure of HS may vary substantially, depending on the characteristics of the water or soil, of the compounds of origin, maturation of the HS and specific conditions of extraction (Fong and Mohamed, 2007; Muscolo et al., 2013; Garcia et al., 2016) . Aquatic humic substances (AHS) can be formed directly in the aquatic environment, or from HS present in soils and sediments and transported to the waters by processes of lixiviation and surface runoff (Yang et al., 2007) .
In general, both AHS and humic substances from peat (HSP) can be considered biogenic organic substances, poly-electrolyte with properties that are similar to bio-colloids, such as dark coloration, heterogeneous nature, high molecular weight, many different molecular sizes (poly-dispersity), refractory, partially biodegradable and with a complex structure (McDonald et al., 2004; Muscolo et al., 2013; Wagner et al., 2016) .
According to Piccolo (2001) , Diallo et al. (2003) and Sutton et al. (2005) , HS are formed by small and heterogeneous molecules of various origins, self-organized in supramolecular conformations, which would explain the large molecular size of SH. Fischer (2017) proved the hypothesis that HS in native soils are spatially arranged in descending order of polarity, meaning that highly polar supramolecular subunits shield less polar subunits against the free soil solution and form layers of descending polarity. However, due to the complexity of HS and different chemical and environmental factors, it is difficult to accurately determine the structure and molecular size of these substances.
HS are classified into three main fractions, based on their solubilities: humic acids (HA), which are soluble in alkali, but insoluble in acid; fulvic acids (FA), soluble in alkali and acid; and humins, insoluble in both. In surface water, approximately 90% of the HS occur as FA, and only 10% or less as HA (Rigobello et al., 2011) . These fractions vary in molecular size and functional group content. HA are generally larger in size than FA in HS isolated from both water (Samios et al., 2007) and peat (Fong and Mohamed, 2007) .
The HS have been evaluated in different studies, such as in agriculture, transport of contaminants in the environment, metal complexation and drinking water treatment (Araújo et al., 2002; Samios et al., 2007; Campos et al., 2007; Rigobello et al., 2011; Sachs and Bernhard, 2011; Muscolo et al., 2013) . When using chlorine, HS lead to a high demand of the disinfectant, as well as the formation of toxic halogenated byproducts as trihalomethanes (Pascoalatto et al., 2008) . Studies in water using HSP may provide different results due to the different characteristics of the AHS and HSP. Thus, the comparative characterization of AHS and HSP, including physicochemical analysis, spectroscopic methods and molecular size fractionation methods, is relevant for understanding the structural and functional properties of each HS and the reactivity of these substances in aquatic and terrestrial environments.
This article compares the characteristics of HS of different apparent molecular sizes (AMS) isolated from water and from peat using complementary analytical techniques.
MATERIALS AND METHODS

Isolation and fractionation of AHS and HSP
The AHS were isolated from the water collected in a tributary of the Itapanhaú River (23°47'19,35" S; 46°3'29,32" W) in Bertioga, São Paulo, Brazil (tropical forest) by adsorption on XAD-8 non-ionic macroporous resin (Supelco) column at pH 2.0, which has great affinity for hydrophobic organic acids, according to the method of Thurman and Malcolm (1981) . The water samples exhibited a true color of 330 HU, turbidity of 2.78 NTU, pH = 5.7, DOC of 22.6 mg C L −1 , alkalinity of 6 mg CaCO3 L −1 and UV absorbance at a wavelength of 254 nm (UV254) of 1.17.
The HSP were isolated from peat soil (40 cm deep) collected from a peat soil located near the Mogi Guaçu River (21°35'53.2" S; 47°57'03.3" W), Km 40, SP-255, Luís Antônio, Brazil (Environmentally Protected Area). After drying, the peat samples were coarsely ground in an agate mortar and stored in a closed polyethylene vessel. The method used for the extraction of HSP was developed by Rosa et al. (2000) , described as follows: (a) 50 g of peat was added in one liter of KOH at 0.5 mol L -1 concentration and stirred for 4h at room temperature (25 ºC); (b) the solution obtained was allowed to settle for 48h; (c) the pH of the supernatant was adjusted with HCl 0.1 mol L -1 to approximately 6.0 and (d) the supernatant was stored in semipermeable paper bags and submitted to dialysis in water deionized until negative test for chloride (using an AgNO3-based test). After dialysis, both AHS and extracts were filtered through a 0.45 μm pore size membrane (Millipore, cellulose ester, 90 mm in diameter). The samples were separated into different AMS fractions by tangential ultrafiltration (TFU) using cross flow cassette apparatus (Vivaflow 50, Satorius group) with polyethersulfone membranes as described in Campos et al., (2007) . The following nominal cut off fractions were obtained: F1: < 0.45μm, F2: 100 kDa-0.45μm, F3: 30-100 kDa and F4: < 30 kDa. Samples of all fractions were freeze-dried for characterization analysis.
Characterization of AHS and HSP
Elemental analysis
The percentages of C, H, N and S of the AHS and HSP factions were measured by dry combustion in a CHNSO-CE, Perkin Elmer, EA 1110 elemental analyzer. The percentage of O was obtained by difference according to the following expression: %O = [100% -(%C + %H + %N + %S)].
Ash content
Samples of 10 mg of lyophilized AHS and HSP extracts were calcined at 800 °C in a muffle EDG Brand 1800-3P for 4h. The organic matter content was then calculated by mass difference, considering the final residue inorganic matter.
Dissolved organic carbon (DOC)
The extracts of AHS and HSP were acidified to pH < 2.0 with HCl and left to stand for 24h. They were then separated by centrifugation in FA and HA and DOC concentration was determined by dry combustion in a total organic carbon analyzer, Shimadzu TOC-5000.
Ultraviolet/visible (UV/Vis) spectroscopy
HS samples (2 mg) were dissolved in 25 ml of a 0.05 mol L -1 NaHCO3 solution. Spectra of the samples were recorded at 200-800 nm with a UV/Vis spectrophotometer (Hitachi U3501). Absorbance values were measured at 465 and 665 nm (E4/E6 ratio) and at 250 and 365 nm (E2/E3 ratio).
Fourier transform infrared (FTIR) spectroscopy
FTIR spectra were obtained for a wave number range of 4000 to 1000 cm -1 using a Bomem MB-102 spectrometer. The samples were prepared for analysis by mixing 100 mg of KBr with 1.0 mg of the humic material and then compressing the mixture to form pellets. The spectra were acquired with 16 scans of 4 cm -1 resolution.
13 C nuclear magnetic resonance ( 13 C CP-MAS NMR) spectroscopy
The solid state 13 C NMR spectra of the AHS and HSP were acquired in a VARIAN unit INOVA spectrometer operating at 100 MHz and 400 MHz for 13 C. A magic-angle spinning at 5 kHz was used in all experiments. Cross-polarization excitation using a radiofrequency ramp (ramp CP/MAS) Q2, combined with Total Suppression of Q3 Spinning Sidebands (TOSS) acquisition was used. The ramp CP/MAS/TOSS 13 C signals were obtained at a contact time of 1 ms, acquisition times of 15 ms, and recycle delays of 0.5 s (Campos et al., 2007) .
RESULTS AND DISCUSSION
Ash content
The ash content for the F1 fraction (< 0.45 μm) of AHS was approximately 29.7% and the smaller fraction studied, F4 (< 30 kDa), was 17.4%. The F1 fraction of HSP of the ash content was approximately 27.3%, and for the F4 fraction 28.8%. These results are below those found in Mylotte et al. (2015) , in which different methods of SH extraction were used.
In the case of heterogeneous and complex substances, such as HS, the ash content is generally used as an indicator of the amount of inorganic compounds present in the sample or purity of the sample. In this study, and in order to avoid possible chemical changes, the HS was not purified. Table 1 shows the DOC concentrations in the different fractions of AHS and HSP under study. The smallest fraction of AHS, F4, was composed entirely of FA. The opposite was observed for the highest HSP fraction (F1). The highest HA percentage for HSP was obtained in the F2 fraction, with approximately 93%. The highest FA percentage in relation to HA was found in fractions F3 (73%) and F4 of HSP (88%). Therefore, generally in fractions of AHS there is more FA than AH. The opposite was observed for HSP.
DOC content in the AHS and HSP fractions
Eliane Sloboda Rigobello et al. The comparison of the data in Table 1 shows that the HA percentage in the F1 fraction of AHS (fraction containing all sizes) is greater than FA, and the opposite was observed for HSP. Table 2 shows the results of the elemental analysis of AHS and HSP fractions with the calculated atomic ratios. The content of C, H, O, N, and S provides essential information on the origin of the sample. The H/C, O/C and C/N atomic ratios indicate the structure and the molecular shape of the HS. The lower H/C ratio indicates a larger amount of unsaturated structures. In other words, an increase in the hydrogen content indicates a greater number of aliphatic carbons (CH2) than aromatic carbons (C=C) (Traina et al., 1990) . Among the AHS and HSP fractions, F1 and F2 showed lower H/C atomic ratios, indicating more aromatic fractions. The H/C and O/C ratios are generally lower for HA than for FA (Bravard and Richi, 1991) , as observed for the AHS and HSP fractions ( Table 2 ). The O/C atomic ratio is related to the carbohydrate and carboxylic acid contents (both aromatic and aliphatic) and degree of oxidation of the HS. The lower values of this ratio indicate a higher degree of humification due to the reduction in the carbohydrate content in the O-bearing structures (polysaccharides).
Elemental analysis
The C/N atomic ratio indicates a seasonal influence on the degree of humification of the AHS. The O/C values for F1 and F2 fractions of HSP are slightly lower than the values for the same AHS fractions. The C/N ratios of the AHS fractions were considerably greater than those of the HSP, indicating that the largest contribution to the humification of AHS resulted from the decomposition of vascular plants (Rocha et al., 2007) .
In general, the elemental analysis results (Table 2) indicate that smaller molecular size fractions contain a larger aliphatic proportion than aromatic carbon atoms and a relatively high percentage of oxygen atoms bound to alkyl groups and carboxylic acid. Sulfur was not detected in the HS samples investigated.
HS fractions
Mass % Atomic ratios Our study showed some similarities to some results of characterization mentioned in Araújo et al. (2002) , who also studied AHS from the Itapanhaú River. The results indicated a higher O/C ratio, particularly in F1 fraction of AHS than F1 fraction of HSP, implying that, as a whole, the AHS are more oxidized and richer in oxygenated groups (carboxylic and phenolic). However, as HS has different chemical characteristics with their origins and with the influence of seasonal conditions, it is difficult to compare the characterization results from different sources.
FTIR spectroscopy
Infrared spectra have been useful for characterizing the nature and distribution of the functional groups in HS (Fuentes et al., 2007; Mylotte et al., 2015; Garcia et al., 2016) .
The infrared spectra of the AHS and HSP fractions used in this study are shown in Figure 1 . In general, both infrared spectra showed an intense and broad band centered around 3400 cm -1 , corresponding to the OH stretching vibration of carboxylic acids, alcohols, phenols, carbohydrate and the N-H stretching vibration of amide and/or amine groups (Samios et al., 2007; Nuzzo, et al., 2013) . It was also observed, in the 3000-2800 cm -1 spectral range, characteristic bands that are more intense for F1 and F2 fractions of HSP, corresponding to the CH symmetric stretching of methyl and/or methylene aliphatic generally overlapping the broad band of stretching OH (Samios et al., 2007) . The band between 1640 and 1620 cm -1 is more complex. In this range, there could be stretching vibrations of C=C aromatic bonds, carboxylic asymmetric stretching, amide groups and conjugated carbonyl groups (quinone) (Vergnoux et al., 2011b) . At 1465-1440 cm -1 the band indicates the presence of CH3 and CH2 in aliphatic compounds (antisymmetric deformation). The bands near 1400 cm -1 indicate COO -symmetric stretching, CH symmetric deformation and CO stretching of phenolic OH (Samios et al., 2007; Vergnoux et al., 2011b) . In these spectral ranges, absorption bands of similar intensity were observed for all AHS fractions (Fig. 1a) and bands around 1400 cm -1 were more intense in the case of the F3 and F4 fractions of HSP (Figure 1b) . Both HS of smaller AMS had higher content of FA (Table 1) and more aliphatic structures. This is also possibly attributed to a lighter content of oxygen containing functional groups (carboxylic, hydroxyl, phenolic) in FA than HA.
Bands were observed in the region between 1100 and 950 cm -1 and can be attributed to CO stretching of alcohols and/or phenols and/or carbohydrates or even to impurities from silicate (Si-O) (Vergnoux et al., 2011b; Nuzzo, et al., 2013) . The spectra obtained for SH studied were A B similar to those found in the literature (Pramanik and Kim, 2014; Mylotte et al., 2015; Garcia et al., 2016) , typical bands of humic substances.
UV/Vis spectroscopy
This technique is used to evaluate the aromaticity and humification degree of HS (Silverstein et al., 1994) . Table 3 summarizes the E4/E6 (absorbance at 465 and 665 nm) and E2/E3 (absorbance at 250 and 365 nm) atomic rations of the AHS and HSP fractions. Higher E4/E6 ratios reflect the prominence of aliphatic structures, whereas lower E4/E6 ratios indicate the dominance of aromatic constituents (McDonald et al., 2004) . Higher E2/E3 ratios are usually associated with lower molecular weight and lower degree of aromaticity (Vergnoux et al., 2011a) . The E4/E6 ratio is influenced by the molecular size, environmental pH, oxygen content, carbon, carboxylic groups, origin and age of the humic material (Stevenson, 1994) . Table 3 shows that the E4/E6 ratios for the all AHS fractions were similar. For the HSP fractions, they were greater in the smaller fractions (F3 and F4) , indicating higher level of aliphatic structures.
The E2/E3 ratio values for both AHS and HSP fractions were higher for the fractions of smaller AMS, while the opposite occurred with the aromaticity (Table 3) . In larger fractions, the number of condensed rings is higher in comparison to the aliphatic structures, due to the high humification degree. When the values of E4/E6 and E2/E3 ratios are compared, the same tendency is observed, that is, the larger the molar mass, the higher its condensation degree and aromaticity. The E4/E6 ratio values for the F2 fraction of AHS and of HSP were lower than the value found for the F1, F3 and F4 fractions, as the F1 fraction absorbed less at 465 and 665 nm in relation to the F2 fraction. To indicate the aromaticity of the molecule, an equation suggested by Peuravuori and Pihlaja (1997) was used, in which aromaticity = 52.5 -6.78 E2/E3. Figure 2 shows the NMR spectra obtained for samples of AHS and HSP fractionated at different AMS and the relative intensities for each spectral region are shown in Table 4 .
13 C CPMAS-NMR spectroscopy
In general, the NMR spectra in Figure 2 show that, mainly for the AHS, the peaks were very similar and characteristic of HS, presenting signals which can be associated with the different functional aliphatic (C-H, C-N, O-CH3, polysaccharides) and aromatic (C-H and phenolic) groups. The peaks observed have been frequently reported by other researchers who have used 13 C NMR to characterize HS (González-Pérez, et al., 2008; Esteves et al., 2009; Rosa et al., 2011; Schneckenburger et al., 2012; Myllote et al., 2015; Garcia et al., 2016) .
Rev. Ambient. Água vol. 12 n. 5 Taubaté -Sep. / Oct. 2017 .4 20.4 24.8 31.6 14.5 13.7 7.8 7.6 F4 17.8 18.0 8.9 9.6 26.4 23.7 22.0 24.0 16.5 14.0 7.5 11.5 In the comparison of NMR spectra ( Fig. 2 and Table 4) in the region 0-45 ppm, which corresponds to aliphatic groups (methyl and methylene), for both AHS and HSP fractions there was a reduction in the relative percentage of the largest AMS fraction (F2: 100 kDa-0.45 μm) in relation to the smallest fraction (F4: < 30 kDa). These results are consistent with the high H/C value (Table 2) , and the fact that HA are formed by aromatic groups with long bonded aliphatic chains. Also, they had the highest O/C value (Table 2) , indicative of a more aliphatic nature and a smaller degree of humification in the smallest fractions.
Typical NMR signals for lignin at 152 ppm (O-aryl C) were apparent for all fractions of AHS, mainly in fractions F1, F2 e F3; 55 ppm (methoxyl C) and 71 ppm (alkyl-O carbon) were apparent for all fractions of AHS and HSP; 33 ppm (alkyl chain) were apparent mainly in the F1 and F2 fractions of HSP, indicating a possible contribution from higher plants to both fractions of AHS and HSP. These regions were also found in Rosa et al. (2011) and Mylotte et al. (2015) .
In the 60 to 110 ppm region, related to the aliphatic groups bonded to oxygen, the percentages for the AHS fractions were similar for both fractions under study. Different behavior was observed in this region for the HSP fractions, in which the smallest AMS fractions A B (F4: < 30 kDa) showed a higher relative percentage. These results are in accordance with the proposal of Piccolo et al. (2001) , which suggests that FA are formed with higher concentrations of bonded oxygen groups, giving them a repulsive character with the formation of smaller aggregates than those in the HA. The NMR results are in accordance with those showed in Tables 1 and 4 , in which the smallest AMS fractions (F3 and F4) for both AHS and HSP presented a higher amount of FA than of HA. This behavior was confirmed by the results observed in the region of carboxyl groups and esters (160-185 ppm). In the region where aromatic groups are found (110-160 ppm), the AHS and HSP with highest AMSs showed higher relatives percentages. A reduction in the relative percentage of the region corresponding to oxygenated aliphatic carbons and an increase in the relative percentage in the aromatic carbons region indicated an advance in the humification stage, characteristic of HA, which is verified in the largest AMS fraction (F2: 100 kDa-0.45 μm) of AHS. In the region characteristic of carbonyl carbon (185-245 ppm), the lowest relative percentage was found for the F1 (< 0.45 μm) and F2 fraction (100 kDa-0.45 μm) for both AHS and HSP. This indicates that the content of oxygenated groups is lower in the largest fractions. For the AHS, the relative percentage of carbonyl carbon was similar for all fractions. The opposite was observed for the smallest fraction (F4: < 30 kDa) of HSP. Thus, differences between the characteristics of AHS and HSP were revealed.
CONCLUSIONS
Differences between the characteristics of AHS and HSP were verified. For the F1 fraction of AHS, the FA percentage was higher than HA, whereas the opposite was observed for the HSP. In smaller AMS fractions, for both AHS and HSP, the presence of FA was higher than that of HA. As there is a higher percentage of FA in the AHS, there is a higher number of oxygenated functional groups and higher number of aliphatic chains than in the HSP fractions. This behavior was confirmed by the results observed in the regions of carboxyl groups and esters (160 to 190 ppm) and aliphatic groups bonded to oxygen (60 to 110 ppm) by 13 C NMR and IFTR (band around 3400 and 1400 cm -1 ). The elemental analysis (high H/C and O/C values) and UV/Vis spectroscopy (lower ratio E4/E6 and E2/E3) indicated that the smallest AMS fractions, both AHS and HSP, had greater aliphaticity and the lowest aromaticity and condensation degree. Such results have confirmed the theory that proposes that HS could be small and heterogeneous molecules of several origins that would self-organize in a supramolecular conformation, whose molecular association is variable and depends on the chemical nature. Due to the differences observed between AHS and HSP, the spectroscopic and physical-chemical characterization of these substances are indispensable in different studies, such as in water treatment and interaction of the AHS with micropollutants. 
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